B
acterial corneal ulceration can result in permanent loss of vision if not treated promptly and appropriately. A perforation of the cornea can develop in less than one day and is associated with virulent pathogens like Pseudomonas aeruginosa and Staphylococcus aureus. Prompt topical antimicrobial therapy is the cornerstone for successful treatment of bacterial corneal ulceration. Given the spectrum of causative bacterial pathogens, empirical therapy must be initiated with a broad spectrum regimen until smear or culture provides the identity of the causative organism. [2] [3] [4] Several drugs have been used in the empirical treatment of corneal ulcers-for example, amino-glycosides, cephalosporins, and fluoroquinolones. However, emergence of resistant strains is a major concern when antibiotics such as fluoroquinolones are used as monotherapy. [5] [6] [7] The combination of polymyxin B, neomycin, and gramicidin (Polyspectran, Alcon, Gorinchem, The Netherlands) offers a broad spectrum activity against Gram negative as well as Gram positive bacteria including staphylococci, streptococci, and P aeruginosa. On the basis of its broad antibacterial activity, we made the combination of polymyxin B, gramicidin, and neomycin the standard treatment of suspected bacterial corneal ulceration. Here, we evaluate retrospectively the clinical efficacy and safety of Polyspectran of all patients treated since 1995.
METHODS
The medical records of all patients with a diagnosis of a suspected bacterial corneal ulcer between April 1995 and February 2002 were selected for retrospective review.
The codes for the diagnosis ''microbiological ulcus corneae'' from the Medical Documentation Service of the Leiden University Medical Center were searched to find all patients with corneal ulcers.
A bacterial corneal ulcer was defined as an epithelial defect demonstrated by fluorescein staining, with a stromal infiltrate with or without a hypopyon and no other active ocular infection. A positive microbiological culture was not obligatory to include the case as many patients had been pretreated with topical antibiotics before attending our clinic.
After medical record review, 20 patients with a diagnosis of a viral (n = 16), a fungal (n = 1), or an Acanthamoeba (n = 3) infection, but without a bacterial ulceration, were excluded from this study. We also excluded patients with a second ulcer (n = 4) if they had been included previously in the study.
The following details were obtained from each chart: the patient's age, sex, predisposing factors, visual acuity measured with Snellen charts, presenting symptoms, ulcer location, and size. Anterior inflammation was scored by Tyndall score and cells 8 and a hypopyon if present. We recorded associated ocular and systemic conditions, use of topical steroids, healing time, visual outcome, complications, and duration of treatment.
Ulcers were scraped for Gram staining and cultured on sheep blood agar and chocolate agar. These specimens were processed and analysed using standard protocols. 9 All patients were treated according to a standard protocol consisting of topically administered polymyxin B (7500 IU/ml polymyxin-B-sulfate), neomycin (3500 IU/ml neomycinsulfate), and gramicidin (0.02 mg/ml) eye drops. The eye drops were given hourly and after one day they were progressively tapered according to perceived improvement of the ulcer and the clinical response. Additional treatment included cycloplegics and anti-glaucoma therapy, wherever indicated. Topical corticosteroids or topical/systemic antiviral agents were added if necessary.
The primary outcome measures of efficacy were defined as the time to healing and re-epithelialisation. Cured corneal ulcer was defined as complete re-epithelialisation with regression of stromal infiltrates. Patients were considered to have a poor clinical outcome if a complication occurred, such as corneal perforation or enucleation.
Statistical analysis was performed using SPSS version 10 (SPSS, Chicago, IL, USA). Time to healing was evaluated using Kaplan-Meier life table analysis. Multivariable logistic regression analysis was used to evaluate the contribution on re-epithelialisation of the ulcer of the various parameters documented.
RESULTS
Ninety one patients (44 male, 47 female; median age 53 (Inter Quartile Range, IQR 30-77) years were included in the study. Patient characteristics are summarised in table 1. The median diameter of the ulcers was 3 mm (IQR: 2-6). There was a direct proportional association between age and ulcer size-that is, elderly patients had the largest size ulcers. Anterior chamber inflammation was absent in 18 patients (20%), mild inflammation (1 to 2+ Tyndall effect and cells) was present in 42 patients (50%), whereas signs of severe anterior chamber inflammation (3 to 4+ Tyndall effect and cells) were present in nine patients (10%). In 18 patients (20%) corneal ulceration precluded assessment of the anterior chamber. In all but nine patients, one or more predisposing local factors could be identified. Soft contact lens wear was common and encountered in 29 (32%) patients.
From 91 patients, 81 Gram stains were taken and 86 cultures were performed. Of 81 Gram stain specimens, 46 (51%) identified the putative etiological microorganism: 24 (26%) Gram negative bacilli, 22 (24%) Gram positive cocci, and 11 (12%) Gram positive bacilli were identified. Of the 46, ten specimens showed multiple microorganisms. Bacteriological cultures were positive in 46 patients (51%) in whom the Gram stain already identified a bacterial cause of infection; overall, 51 species of bacteria were cultured from the 86 corneal smears. Thirty two patients had been given local antibiotic treatment before referral and of these patients, 13 (40%) yielded a positive culture, as compared with 33 (61%) of 54 patients who did not get topical antibiotic eye drops before referral. A variety of organisms was identified (fig 1) . Gram positive bacteria were mainly S aureus, Gram negative bacteria mostly Pseudomonas species.
In all patients, Polyspectran treatment was initiated as soon as the clinical diagnosis was made. Of the 91 patients, 69 patients (76%) completed this treatment up to complete re-epithelialisation or another outcome. In 18 patients treatment changed before complete re-epithelialisation, whereas four patients were lost to follow up after two, three, and eight days respectively. Six of the 18 patients were switched to aminoglycoside monotherapy on the basis of culture results. Another six patients switched therapy because Polyspectran was not available in the local pharmacy. In four patients treatment was modified because of an adverse effect and in two patients because the clinical response was deemed insufficient. In the 18 patients who switched treatment, complete corneal re-epithelialisation occurred in 17 of 18 ulcers (94%). The average diameter of these ulcers was 10 mm 2 (median 6 (IQR 4-8) mm 2 ), twice as large as compared with the whole group.
In the patients who completed treatment, corneal reepithelialisation occurred in 68 of 69 ulcers (99%), and took on average 12.6 days (median 8 (IQR 4-14) days). Thus, within one week of treatment initiation, about half of the patients exhibited corneal epithelial closing (fig 2A) .
The single most important determinant of time to complete re-epithelialisation was the ulcer size on diagnosis (p,0.0001) (fig 2B) . The time to complete re-epithelialisation did not differ (p = 0.08) between patients with a positive or negative culture, though there was a trend towards somewhat longer healing time in the former group (fig 2C) . The healing time of ulcers with Gram positive bacteria did not differ (p = 0.60) from that with Gram negative bacilli on smear ( fig 2D) . Of 91 patients, data on the visual acuity of 81 patients were analysed. For the whole group, the median visual acuity before treatment was 20/200 (IQR 20/600-20/40). Visual acuity improved to 20/40 (IQR 20/400-20/25) after full reepithelialisation, indicating that visual acuity had improved.
Complications
Among the 91 patients, only five patients (5%) had a poor clinical outcome of perforation (n = 4) or evisceration (n = 1). A 77 year old male with rheumatoid arthritis had a culture-negative corneal ulcer that perforated on day seven and healed within two weeks. A 30 year old female had used steroid eye drops for years because of a chronic Herpetic keratitis. After 10 days a perforation occurred and the ulcer healed by day 22 (no microorganism was cultured). A 51 year old male with rheumatoid arthritis switched treatment to ofloxacin on the second day because of presumed toxicity. On day 12 the patient had a corneal perforation in an S aureus proven ulcer. An 85 year old man had an ulcer caused by an S aureus in a thin dystrophic cornea. On the third day, treatment was changed into gentamicin. After 45 days the cornea perforated; the infection was considered cured after 65 days. A 75 year old woman with a pre-existent blind painful eye suffered from a toxic reaction to Polyspectran. After six days the patient wished to eviscerate her painful eye.
Safety
Untoward ocular events related, or possibly unrelated, to polymixin B, neomycin, and gramicidin therapy were mild and resolved without treatment. Among the 91 corneal ulcer patients enrolled in this study, seven (8%) untoward ocular events were encountered: in four patients a toxic punctate epitheliopathy occurred that necessitated a treatment modification in two. Three patients apparently suffered a mild allergic reaction evidenced by eyelid oedema, chemosis, and hyperaemia of the conjunctiva. This reaction led to a modification of treatment in only one patient.
DISCUSSION
The outcomes of the present retrospective study indicate that the topical application of polymyxin B, neomycin, and gramicidin (Polyspectran) is highly effective in the treatment of bacterial corneal ulcers. This treatment results in an as rapid re-epithelialisation and similar recovery of visual acuity as the application of fortified topical cephalosporins, aminoglycosides or, more recently, fluoroquinolones. [10] [11] [12] [13] [14] The choice of the combination of polymyxin B, neomycin, and gramicidin for the treatment of corneal ulcers was made on its broad spectrum antibacterial activity covering all commonly encountered pathogens causing corneal ulcers. More than one component of the combination shows bactericidal activity to these pathogens. Furthermore, the in-hospital policy for prevention of antibiotic resistance requires that antibiotics reserved for second line treatment of serious infections in the hospital, (for example, fluoroquinolones, third generation cephalosporins) should not be considered first choice drugs in a topical treatment.
If signs and symptoms are suggestive of bacterial corneal infection then prompt antimicrobial treatment is indicated. Parameters directing the choice of antimicrobial treatment of an infection include: (1) activity of the drug against the causative microorganism, (2) the possibility to reach effective concentrations of the drug at the site of infection, (3) the toxicity of the drug and any known drug allergy, (4) the chance of emergence of antibiotic resistance, and last but not least (5) costs and in-hospital policy regarding usage of antibiotics.
To obtain a definite microbiological diagnosis, scrapings should be obtained before the start of empirical antibiotic therapy, 3 though empirical treatment and close follow up of small ulcers is justifiable. 15 16 In our study, culture of corneal smears were positive in about half of the cases, and yielded the typical pathogens reported in earlier studies. 17 18 The culture and antibiotic sensitivity testing is important especially if primary resistance is anticipated: for instance, the isolation of fluoroquinolone-or ceftazidim-resistant Pseudomonas spp in institutions that rely on fluoroquinolone or cephalosporin drops in the empirical treatment of corneal ulcers. We did not observe primary failure of therapy caused by antibacterial resistance.
In this study, 68 of 69 patients with corneal ulcers received and completed topical treatment with polymyxin B, neomycin, and gramicidin. All of these ulcers displayed complete healing after, on average, 12.5 (median 8) days. Of the culture proven group (n = 46), the average time to healing was 14.4 days. Our findings compare favourably to those of Prajna et al (2001) 19 who compared ofloxacin versus ciprofloxacin drops in 217 patients with culture-positive bacterial ulcers. They found that the time to corneal ulcer healing amounted to 13.7 days (treated with ofloxacin) and 14.4 days (treated with ciprofloxacin).
We observed only a few adverse effects, none of them serious, and the rate of corneal perforation or complete loss of visual acuity compares favourably with that reported in other studies. It seems even better compared with the worrying increased rate of corneal perforation after topical fluoroquinolone treatment reported by Mallari et al 20 and others. 21 Also in our study, one patient developed a corneal perforation under ofloxacin treatment.
The Department of Ophthalmology chose a commercially available antibiotic eye drop with a broad-spectrum antibacterial activity, a good clinical effectiveness, and few side effects. This study shows that the combination of polymyxin B, neomycin, and gramicidin is effective and safe in the treatment of suspected corneal ulceration.
